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Abstract 
The effect of silica loading on the static frictional coefficient of nitrile rubber when paired with different types of papers is 
investigated. The influence of silica loading on the mechanical properties of nitrile rubber and its changes due to natural ageing is 
also examined. The objective of the study is to generate data for assessing the suitability of NBR as a lining material for 
impactive grippers. It is observed that the properties of NBR including frictional coefficient can be modified by varying the 
amount of silica. The static co-efficient of friction with most of the papers is highest at around 55 phr of silica. The properties 
like hardness, tear strength and resistance to oil increase with the amount of silica content while swelling index decrease with 
silica loading and the abrasion index peaks around 55 phr. The change in the mechanical properties due to natural ageing varies, 
though marginally. 
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1. Introduction 
Acrylonitrile-butadiene rubber (NBR) often referred as nitrile rubber is an oil resistant synthetic rubber produced 
from a copolymer of acrylonitrile and butadiene. It is commonly considered as the workhorse of industrial and 
automotive rubber products industries and is widely used in applications where oil resistance is required. A wide 
variety of fillers are used in the rubber industry to modify the physical properties of elastomeric materials [1-2].NBR 
is no exception [2-3]. Carbon and silica are the most commonly used fillers used to modify the properties of nitrile 
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rubber [4-5]. Silica has been staged as notable filler for rubber to obtain high performance passenger tires [6-8]. 
Unlike hydrocarbon rubbers such as NR, SBR and the like, nitrile rubber exhibits comparatively better reinforcement 
with silica because of its improved dispersion [2-3]. 
The static coefficient of friction of NBR loaded with silica, when paired with different types of papers commonly 
used for offset printing, like Art paper, Maplitho, Executive bond, Color wove, Crème wove, Cover paper, Ledger 
and Grey board are explored in this paper. The variation in mechanical properties of NBR, like hardness, tear 
strength, tensile strength, elongation at break, oil resistance etc. with the addition of silica fillers and the changes in 
these properties due to ageing are also investigated. These studies were conducted on NBR loaded with 45 phr to 65 
phr of silica and the period taken for study of ageing is 18 months. SEM studies were also conducted to examine the 
surface of some samples. 
1.1. Objectives and background 
The study was conducted to assess the suitability of NBR as a lining material for impactive grippers. Grippers in 
general can be ingressive or impactive [9]. Ingressive grippers grasp the object by physically penetrating the surface 
of the object while impactive grippers grasp the object without physically penetrating the surface of the object. 
Ingressive gripping is not preferred in some applications as it can damage the grasped object. Ingressive grippers 
usually offer better grasp, but impactive grippers minimizes the possibility of damage to the grasped object as there 
is no physical penetration. Thus impactive grippers that do not permeate into surface of grasped object have an 
advantage over ingressive grippers in some applications [9]. This study is important since certain materials like 
papers and polymers require highly precise and sensitive impactive gripping. In certain applications it may be 
possible to replace ingressive grippers with impactive grippers made of soft materials with high coefficient of 
friction. 
As an application, let us consider the cylinder grippers of a sheet-fed offset printing machine. Ingressive grippers, 
made of metallic jaws with serrations are commonly used in sheet fed offset printing machines. Cylinder and gripper 
arrangement in a typical sheet fed offset printing machine is shown in Fig 1(a) and its sectional view in 1(b). The 
paper is wound on the cylinder and the leading edge of paper is held between the gripper and the gripper pad during 
printing. The serration on the gripping surface on the tip of a gripper is shown in Fig.1(c) [10].The paper is to be 
held firmly but gently between the jaws of the gripper during the printing process. A firm grip is required to retain 
the positional accuracy of paper during the process and a gentle grip is preferred to avoid any marks or damage to 
the paper. There is a possibility of replacing ingressive grippers of metallic jaws with serrations, which permeate 
into the paper surface, with soft impactive grippers having high friction. Materials like NBR, with high coefficient 
of friction is a promising choice for making linings for such impacting gripping surfaces. Also NBR lining is more 
economical than metallic serrated tips and will not cause any marks even on very thin papers. Another advantage is 
that NBR can be made as thin gauge sheets and easily bonded to metallic surfaces. 
 
  a              b                                                                          c 
             
 
   Fig. 1. (a) Cylinder and gripper arrangement in a typical sheet fed offset printing machine; (b) sectional view; (c) serrations on gripper tip. 
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A higher coefficient of friction of gripper surface will result in a better grip on the paper. Hence the static 
coefficient of friction with paper is one of the desirable properties of the gripping surface / lining material for paper 
grippers. Since the application calls for contact with paper, carbon black was not considered as a filler material to 
prevent the possibility of any black stains on the paper handled [11]. High static friction and good mechanical 
properties are desirable in the context of lining for impactive grippers. 
Fillers are added to NBR to improve its mechanical properties. The influence of filler content on the mechanical 
properties of reinforced elastomers has been extensively reported in the literature [4-8, 12-13]. The hardness of NBR 
increases with addition of silica. Since a higher hardness is preferred for such applications, the study was focused on 
in the region of 45 to 65 phr. The change of mechanical properties of NBR loaded with silica, due to ageing is 
seldom reported. The durability of the material is an important criterion in the selection of materials and hence it 
needs to be understood. Hence the effect of natural ageing on mechanical properties of NBR was explored. 
Many studies had been conducted on friction of NBR and other elastomers [8, 14-19].Investigations by Felhöset 
al [14] and Karger-Kocsiset al [15] on the dry sliding friction between steel and rubber showed that the coefficient 
of friction (COF) of EPDM rubbers gets reduced with increasing carbon black content in rubber. Studies by 
Sirinthorn Thongsang et al have shown that the co-efficient of friction of NBR when paired with stainless steel 
increases with the addition of silica, but the study was limited to NBR with silica content upto 40 phr (parts per 
hundred rubber) [16]. Many studies are also available on paper to paper friction and on paper to steel friction [20-
21].However no literature on the friction of NBR to paper is available and needs to be determined. Since friction has 
to play a big role in applications as discussed above, the coefficients of static friction of the samples when paired 
with different types of paper were determined. 
2.  Experimental 
2.1.  Materials 
NBR [having acrylonitrile content-33%, Mooney viscosity (ML (1 + 4) at 100°C-40.9)], was used for the study. 
Compounding ingredients, i.e., zinc oxide, stearic acid, dioctyl phthalate (DOP), silica, and sulfur, were of 
commercial grade. The mating materials used for evaluation of static frictional co-efficient were various types of 
offset printing papers viz. art paper, maplitho, executive bond, color wove, crème wove, cover paper, ledger and 
grey board. 
2.2. Preparation of samples 
In this study, different quantities of silica powder fillers were added to NBR rubber in five samples from 45 to 65 
phr. The NBR was compounded in a laboratory on a (6" x 12") two roll mixing mill according to formulations given 
in Table 1. The optimum cure times of the compounds were determined on RPA 2000. NBR compounds were 
molded in an electrically heated hydraulic press at a temperature of 150°C up to their optimum cure times at a 
pressure of 200 kg/cm2. 
Table 1. Formulation of mixes (in phr). 
Mix A B C D E 
NBR(medium Nitrile) 100 100 100 100 100 
Sulfur 1.5 1.5 1.5 1.5 1.5 
ZnO 
 
4.0 4.0 4.0 4.0 4.0 
Stearic acid 2.0 2.0 2.0 2.0 2.0 
Precipitated Silica 45 50 55 60 65 
DOP 5 5 5 5 5 
CBS 1.0 1.0 1.0 1.0 1.0 
TMTD 0.2 0.2 0.2 0.2 0.2 
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2.3. Tests  
Static coefficients of friction for the five samples on the various types of papers mentioned above were 
determined as per ASTM D 1894- 01 using friction/slip apparatus. The rubbing face of the moving sled of the 
friction/slip apparatus was covered with one type of paper, say art paper, using cellophane tape. One sample of the 
NBR sheet, say sample A (with 45phr silica), was held stationary and the corresponding static coefficient of friction 
was determined. The first sliding was done in one direction and the subsequent three sliding in the opposite 
direction. The first value was ignored and the average of the last three readings was taken for each combination. The 
experiment was repeated with sheets of the remaining four samples of NBR and the same sled (covered with art 
paper).The whole experiment was again repeated with the moving sled covered with each type of paper, viz. 
maplitho, executive bond, color wove, crème wove, cover paper, ledger and grey board. The values of static 
frictional coefficients of each combination were noted. All the experiments were conducted at a relative humidity of 
78%. The coefficients of friction for the different samples with various types of paper are given in Table 2. 
SEM studies were also done on the surfaces of relevant samples. SEM model JSM-6390LA (JEOL Ltd., Tokyo, 
Japan) was used for the purpose. The SEM photographs are given in figures1 and 2. 
For finding the tensile strengths, dumbbell-shaped tensile test pieces were punched out of the compression-
molded sheets along the mill-grain direction. The tensile properties were determined on a Zwick Universal Testing 
Machine as per ASTM D412 - 06a (2013). Abrasion resistance was tested using a DIN abrader according to DIN 
53516. The Shore hardness of the samples was measured and expressed in Shore A units. Tear strength of the 
samples was determined as per ASTM D624 - 00(2012). Swelling index of the samples was found, using methods 
outlined in ASTMD471 - 12a. 
Another set of samples with the same levels of silica were tested after a period of 18 months to determine the 
change in mechanical properties due to ageing. 
3. Results and discussion 
The coefficient of friction of uncoated paper may decrease with repeated slides over the same track in the same 
direction and may increase when sliding direction is reversed [21].Also the coefficient of friction of paper depends 
on relative humidity [20,22-23].Hence the values of the coefficients of friction are approximate and adequate factor 
of safety shall be used. However, since the testing was done at identical conditions of relative humidity and sliding 
directions as indicated before, the results can be used for a comparative study of friction between different 
combinations of NBR samples and papers.  
The static coefficient of friction of the five samples of NBR with silica content of 45 phr to 65 phr with the 
various types of papers are given in Table 2. The change in friction with the amount of added silica was found to 
depend on the type of paper it was paired with. The results showed a maximum coefficient of friction of 0.894 for 
art paper and NBR with 55 phr silica (Table 2). The minimum COF of 0.458 was obtained when executive bond 
paper was paired with NBR of 65 phr silica.  
Table 2. Co-efficient of static friction of NBR loaded with different amounts of silica, when paired with different types of paper. 
Phr of Silica in sample→ 
Type of Paper↓ 
45  50 55 60 65 
Art paper 0.693 0.772 0.894 0.890 0.772 
Maplitho 0.575 0.599 0.693 0.549 0.556 
Executive Bond 0.490 0.500 0.486 0.486 0.458 
Color wove 0.496 0.496 0.536 0.496 0.516 
Crème wove 0.488 0.472 0.500 0.472 0.475 
Cover paper 0.641 0.644 0.772 0.653 0.599 
Ledger 0.555 0.556 0.556 0.496 0.516 
Grey board 0.577 0.577 0.644 0.577 0.516 
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Consider the case of grippers on sheet fed offset printing press. Tensile forces upto 70 N act on the paper during 
the printing process [24]. Usually such presses will have around 10 to 15 grippers per cylinder (Fig 1). The tensile 
force on the paper will be shared by the grippers. Assuming only 10 grippers, the maximum tensile force per gripper 
is 70/10 =7 N. Considering the minimum COF of 0.458 and a factor of safety of 2, the gripping force required is 
only 7x2/0.458 = 30.6 N. This value is obtained by assuming that only one of the two jaws, say gripper (Fig 1) is 
provided with NBR lining and without considering the friction of the other jaw (gripper pad). If the gripper pad is 
also lined, the force required can be halved to 15.3 N. The value of 30.6 N itself is found to be well within the limits 
of values provided by press manufactures for setting the gripper pressure and will not overload the system. Hence 
NBR has sufficient static friction to be used as lining material for impactive grippers in sheet fed offset press. 
Table 2 shows that the coefficient of friction generally increases with addition of silica reinforcement upto 55 phr 
and above that it started to decline. In order to investigate this phenomenon, the samples with 55 phr silica and 65 
phr silica were examined using Scanning Electron Microscope. SEM micrographs in figures 2(a) and (b) show the 
comparison of the surfaces of samples with 55 phr and 65 phr of silica respectively.  
 
 
Fig. 2.  SEM micrographs of (a) NBR with 55 phr silica.  (b) NBR with 65 phr silica. 
Hardness is the resistance offered by the rubber surface against penetration by an indenter, and relates to the 
surface deformation of the rubber surface.  
a                                                                                           b 
  
Fig. 3. Variation of (a) Hardness of NBR with silica loading and natural ageing; (b) Tear strength of NBR with silica loading and natural ageing. 
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Comparing these five silica filler combinations, the sample with the lowest silica content of 45 phr demonstrated 
the lowest hardness of 54.8 Shore A and the sample with the highest silica content of 65phr in this study, 
demonstrated the best Shore hardness of 64.2 Shore A.  
Unlike static coefficient of friction, Shore hardness increased almost linearly with addition of silica and kept on 
increasing beyond 55 phr. The variation of Shore hardness with addition of silica and the variation of the same after 
a period of 18 months is shown in figure 3(a). As expected, due to the marginal increase in cross intensity, the 
hardness also increased marginally. 
The tear strength also showed a similar trend. The change in variation of tear strength of NBR with addition of 
silica and the variation of the same due to ageing over an 18 month period is shown in figure 3(b). NBR with 65 phr 
and 45phr showed the highest and the lowest tear strengths of 49.35 N/m and 35.73 N/mm respectively. The tear 
strength showed a small deterioration on ageing. 
The lining on the jaw of a paper gripper is not expected to be in contact with oil. However since paper gripper being 
a part of the machine, there is a chance of lubricating oil or oil based inks accidentally coming into contact with the 
gripper jaw. The swelling index when kept in oil showed a marginal decreasing trend with the addition of silica 
reinforcement as shown in figure 4(a). The study showed that the resistance to oil increased with addition of silica. 
 
 
a                                                                                            b 
  
Fig. 4. Variation of (a) Swelling Index of NBR in oil with silica loading; (b) Tensile strength of NBR with silica loading and natural ageing. 
 
 a                                                                                             b 
  
Fig. 5. Variation of (a) Abrasion loss of NBR with silica loading; (b) Elongation at break of NBR with silica loading and natural ageing. 
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The tensile strength increased upto 50phr silica content and started to decline till 60phr, before it started to climb 
up again. In short, tensile strength of NBR showed random variation with the addition of silica. However, tensile 
strength of NBR was very sensitive to the amount of silica and considerable variation in tensile strength is possible 
with addition of silica as evident from fig 4(b). The tensile strength showed marginal decrease due to ageing for 
NBR with silica upto 55 phr, but as the silica content reached 60 phr, the trend gets reversed and the tensile strength 
increased with ageing. 
The abrasion losses for the various samples of NBR are shown in figure 5(a). The lowest and highest abrasion 
resistances were observed at silica contents of 55phr and 65 phr respectively. 
Figure 5 (b) shows the variation of elongation at break with maximum and minimum values at silica contents of 
50phr and 60 phr respectively. The deterioration of elongation at break due to ageing decreased as silica content was 
increased and there was only marginal change due to ageing at 65phr. As the rubber content becomes less, the 
change due to ageing also decreases. 
The co efficient of friction with paper is one of the most important properties to be considered in the selection of 
lining material for paper grippers. Higher values of mechanical properties like abrasion resistance, tensile strength, 
tear strength, hardness, elongation at break and lower value of swelling index in oil increases the durability of the 
lining material. 
4. Conclusions 
In this study, the variation of mechanical and frictional properties of NBR with addition of silica fillers was 
explored and feasibility of employing it as a lining material for impactive printing grippers was established. The 
mechanical properties and coefficient of friction of NBR with paper can be altered by adding silica as filler material. 
The static frictional coefficient of NBR with most of the papers peaked at a silica content of about 55 phr. 
Mechanical properties like hardness, tear strength and resistance to oil increased with the amount of silica content. 
Tensile strength of NBR showed significant variation with amount of silica.The change in mechanical properties due 
to ageing was marginal as vulcanised NBR is resistant to oxidative degradation under normal conditions.The study 
showed that silica can be used as an efficient stabilizer for NBR for specialized applications. 
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